In health, the amino-acid composition of the cerebrospinal fluid is relatively stable at a level markedly lower than that found in plasma (McGale et al., 1977) . In disease, alterations in the CSF amino-acid composition have been described in steady state chronic renal failure , in patients undergoing haemodialysis and in association with neurological disorders including epilepsy (Mutain et al., 1974) , Parkinsonism (Lakke and Teelken, 1976) , and Huntington's chorea (Perry et al., 1973) . There is, however, relatively little information about the CSF amino-acid composition in meningitis, a disease in which the blood-CSF barrier to electrolytes and protein is known to change (Nobecourt and Voisin, 1903;  Cohen, 1927; Kabat et al., 1942; Tubiana et al., 1951; Rossi and Schneider, 1953; Taylor et al., 1954; Bradbury et al., 1963; Sambrook, 1974) .
The present investigation was, therefore, designed to study changes that might occur in the CSF of patients with purulent meningitis. The findings demonstrate marked increases in CSF amino-acid concentrations.
Patients and methods
Twelve patients with purulent meningitis were studied (Table 1 ). The diagnosis of meningitis was confirmed by microscopy, culture, and chemical analysis of the lumbar CSF on ad-caused by altered transport mechanisms in the mission to hospital. Subsequent examination of the CSF was carried out on the basis of clinical and therapeutic considerations. All specimens, except those taken on hospital admission, were collected after a fast of 12-18 hours. Since the precise time of invasion of the central nervous system by the organism is difficult to determine exactly, the first clinical symptoms-for example, headache, vomiting, impairment of consciousness-were taken as the starting point of the disease. Antibiotics used included penicillin, sulphonamides, chloramphenicol, gentamycin, and colistin. On the basis of serial determination of CSF amino-acid concentrations before, during, and after use of these antibiotics, it seems unlikely that they influence the CSF amino-acid profile.
Specimens of lumbar CSF and venous blood were collected simultaneously. After centrifugation (4000 g, 10 min, 40C), specimens were deproteinised, stored, and analysed for their free amino-acid content as described previously (McGale et al., 1977) . Glutamine and glutamic acid concentrations were measured on an aliquot of the same specimens by an enzymatic procedure (Pye et al., 1978 ). An aliquot of CSF was cultured and examined by microscopy. Quantitative measurement of protein and sugar concentrations, and differential white cell count were carried out using standard laboratory procedures.
For statistical comparison of the pattern of amino-acid change in the CSF, the results were divided into four periods. Period I contained all values for CSF amino-acid concentration before reaching maximum concentration. This period varied from 0-4 days (mean 2.2 days). Period 2 Figure, and data for individual CSF amino-acid and protein concentrations and white cell counts in Table 2 . The mean total CSF amino-acid concentration was increased significantly above normal throughout the period of study irrespective of the infecting organism, at maximum between the third and sixth days of the illness (mean: 4 days). The mean maximum value was 3637 ,umol/l (+i=840 SD) compared with a value of 826 ,umol/l (+=102 SD) in normal subjects (P<0.001). Thereafter there was a gradual decrease towards the normal concentration ( Figure) .
The serial data for individual amino-acids showed that the concentrations of 24 were significantly increased (Table 2) . Four of these aminoacids (aspartic acid, proline, cystine, and 3-methylhistidine) are present in normal CSF in trace quantities only. In contrast, the concentrations of nine CSF amino-acids were not significantly different from normal. In addition to glutamic acid and phosphoethanolamine ( (Perry et al., 1971) , and the differences in behaviour of these two metabolically related substances might be explained by the high capacity of cerebral tissue for glutamic acid uptake (Stern et al., 1949) .
Our findings suggest that changes in plasma amino-acid concentrations are unlikely to account for the abnormal CSF pattern, since no simultaneous increase in total plasma amino-acid concentration was found. Indeed, at the time of maximum increase in CSF amino-acid concentration, the concentrations of many individual plasma amino-acids were significantly reduced.
The extent to which metabolism and destruction of white cells or bacteria contributes to the changes in CSF amino-acid concentration is unclear. The absence of a clear temporal correlation between CSF amino-acid concentration and white cell count suggests that white cells are not a major contributory factor. Preliminary in vitro experiments designed to study the release of amino-acids from white cells into CSF support this view. Likewise, since bacteria are only detected in the CSF in the early stages of the disease, it seems unlikely that they make a major contribution to the abnormal amino-acid pattern found in the present study. Additional support for a minor role of white cells and bacteria comes from the observation that these tissues contain only low free amino-acid concentrations (Holden, 1961; Houpert et al., 1976) . The possibility that the increase in CSF aminoacid concentration might result, at least in part, from amino-acid release from damaged nervous tissue receives some support from the significant increase noted for CSF glutamine concentration, since glutamine is one of the major amino-acid components of cerebral tissue (Perry et al., 1971) . Its release into CSF could, therefore, account for large rises in concentration found in the present study.
In normal individuals the presence of a significant blood-CSF barrier to amino-acids is demonstrated clearly by the observation that only three out of 23 amino-acids quantitated (glutamine, phosphoserine, and phosphoethanolamine) have a CSF-plasma concentration ratio greater than 0.5 (McGale et al., 1977) . Animal experiments indicate that both the choroid plexus (Lorenzo and Cutler, 1969: Franklin et al., 1975) and extrachoroidal sites (Levin et al., 1971; Dudzinski and Cutler, 1974) are involved in the active transport of amino-acids in order to maintain the normal CSF composition. It would, therefore, seem reasonable to suggest that inflammatory changes involving the meninges and choroid plexuses could cause disturbances of their transport mechanisms, in a manner similar to that previously described in relation to inorganic ions and protein in patients with meningitis (Nobecourt and Voisin, 1903; Cohen, 1927; Kabat et al., 1942; Tubiana et al., 1951; Rossi and Schneider, 1953; Taylor et al., 1954; Sambrook, 1974) . Support for this view is provided in the present study by the significant increase in CSF proline and cystine concentrations in purulent meningitis, since both these amino-acids are excluded almost completely from CSF in normal individuals in spite of their high plasma concentrations (McGale et al., 1977) . The pattern of change in individual CSF aminoacid concentrations found in the present study cannot be accounted for by a systemic disturbance of any of the transport systems known to exist in the choroid (Lorenzo, 1974) .
